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Objectives: To determine the hospital costs of elective abdominal aortic aneurysm repair. 
Design: Observational study of resource use. 
Materials: Forty-six elective aneurysm surgery patients in a hospital; 116 vascular surgeons participating in the U.K. 
Small Aneurysm Trial. 
Methods: Data on resource use and associated costs were obtained in 1993 for 46 patients who had undergone lective 
surgery in a teaching hospital. Comparability of resource use with other hospitals in the U.K. was obtained from data on 
surgical patients in the U.K. Small Aneurysm Trial, and by questionnaire on use of resources sent to surgeons participating 
in the trial. 
Results: The total cost of an elective aneurysm repair calculated from patient data in the teaching hospital was £4592. 
One-third of costs were due to stay in a standard surgical ward, and 20% were attributable to the operation. Overall, 
the use of resources in U.K. hospitals was comparable to that for the teaching hospital. Based on the surgeons" estimates, 
however, considerable variation existed for typical elective aneurysm patients, with costs ranging from £2173 to £7024. 
Conclusions" In the U.K. the average cost of an elective aneurysm repair in 1993 was around £4600, which was 
equivalent to around £5000 (US$8000) in 1996. This estimate is sufficiently reliable to be used in cost effectiveness 
analyses. 
Key Words: Aortic aneurysm; Surgery; Resources; Costs; Length of stay. 
Introduction 
Abdominal aortic aneurysm is a condition affecting 
mainly the elderly male population. In men aged 
65-80 years the prevalence of aneurysms over 3 cm in 
diameter has been found to be around 5%. I'2 Although 
many remain asymptomatic, rupture of abdominal 
aortic aneurysms causes nearly 10 000 deaths each year 
in the U.K .  3 There is evidence to suggest hat the 
prevalence of aortic aneurysms may be increasing in 
the U.K. and Australia. 2'4 Improved detection due to 
recent advances in ultrasound techniques has also 
created additional referrals of patients with small 
asymptomatic aneurysms. Furthermore, several stud- 
ies have advocated screening programmes to identify 
patients uitable for operation before rupture occurs ,  s'6 
Thus, many patients who would not previously have 
* For the UK Small Aneurysm Trial Participants. 
f Address correspondence to: Professor F.G. R. Fowkes. 
had their aneurysm detected now require active man- 
agement of this condition. With the increase in pre- 
valence and detection, the treatment costs of small 
asymptomatic abdominal aortic aneurysms are likely 
to impose an increasing burden on health resources. 
There are currently two treatment options in the 
management of small asymptomatic abdominal aortic 
aneurysms: routine ultrasound surveillance ("watchful 
waiting"), and elective surgical repair. The aim of 
elective surgical repair is to prevent the high mortality 
following rupture, which has been found to be over 
80%. 7` 8 However, the risk of death from elective surgery 
must be weighed against the risk of death due to 
rupture. There is a general consensus between sur- 
geons that those aneurysms above 5.5 cm should be 
operated on, whereas those aneurysms below 4 cm 
should be observed by ultrasound surveillance. In 
between these parameters lies a grey area. A ran- 
domised controlled trial, the U.K. Small Aneurysm 
Trial, 9 has been implemented to clarify whether, among 
patients with aneurysms between 4 cm and 5.5 cm, 
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surgery or routine ultrasound surveillance is the most 
effective treatment option. 
When comparing elective repair and ultrasound 
surveillance, the cost effectiveness of the two man- 
agement approaches should be considered. The frame- 
work of the U.K. Small Aneurysm Trial permits an 
economic evaluation which will compare the resource 
consequences to the National Health Service between 
the two management strategies. As part of the eco- 
nomic evaluation, this present study was carried out 
to provide a detailed estimate of the likely range of 
costs for elective aneurysm repair in the U.K. based 
upon direct recording of resource use. There have 
been only two other studies 6'~° which have attempted 
to estimate the cost of elective surgery in the U.K. 
Neither of these studies, however, undertook any de- 
tailed costing analyses. Comprehensive estimates from 
the U.S.A. 11-1a have used "charges" as well as actual 
costs, and thus caution must be exercised when in- 
terpreting the results. 
sex of the patient, he size of the aneurysm and resource 
use were entered on a structured form. Data was 
collected on the following resources: length of stay in 
different wards (i.e. intensive therapy unit (ITU), high 
dependency unit (HDU) and a standard ward), in- 
vestigations and laboratory tests performed, intra- 
venous fluids and medications given, and admission 
to other hospitals. If a patient was transferred to 
another hospital, the admission and discharge dates 
were obtained in order to calculate inpatient days 
spent here, but no itemised ata on resource use were 
collected. Days spent in an institution other than a 
hospital (e.g. convalescence hospital, nursing home) 
were designated as convalescent days. Data were also 
collected on status on discharge (alive or dead), and 
concurrent illnesses. Any investigations or laboratory 
tests performed ue to concurrent illnesses were not 
included in the cost estimate study. If a patient was 
readmitted within 2 months of the operation with an 
ailment relating to the aneurysm repair, the same 
structured form was completed to obtain details of 
resource use for the admission. 
Materials and Methods 
This costing study was carried out in the Royal In- 
firmary of Edinburgh (RIE), which is a large teaching 
hospital with a specialised vascular unit (a theatre and 
two 24-bedded wards) led by three vascular consultant 
surgeons. The number of vascular operations per- 
formed per year is over 1200, and elective aneurysm 
repairs account for around 4% of the total. Details of 
resource use and associated costs were obtained for 
preoperative assessment admissions, the pre-, peri-, 
and postoperative periods of the surgical admission, 
and any related admission within 2 months of dis- 
charge. No data was collected on resource use prior 
to hospital admission, nor after the patient had been 
discharged into the community. 
Resource use in the pre- and postoperative p riod 
A list of patients admitted for elective aneurysm repair 
in the Royal Infirmary of Edinburgh during the period 
January 1991-March 1992 was obtained from a com- 
puterised database of all vascular operations per- 
formed in the hospital. The last fifty consecutive 
medical records coded as asymptomatic abdominal 
aortic aneurysms were selected. Four records, how- 
ever, were not able to be examined, because they had 
been lost or misfiled. Forty-six records were, therefore, 
reviewed by one person (RGJ), and details of age and 
Resource use in the theatre suite 
Information on resource use in the theatre was col- 
lected by senior nursing staff directly involved in 15 
asymptomatic abdominal aortic aneurysm operations, 
five performed by each of the three consultant vascular 
surgeons. Data were collected on length of stay in 
theatre, staffing, type of graft, consumables, intra- 
venous infusions and medications. Only 15 operations 
were included, because it was considered that the 
procedures of a consultant surgeon would be reas- 
onably consistent. However, length of time in theatre 
is an important variable likely to affect operative costs, 
and the" small number of patients in this part of the 
costing study could result in an inaccurate stimate. 
Therefore, similar data pertaining to time spent in 
theatre was collected from all patients (excluding the 
15 in the study) who had undergone surgery for 
an asymptomatic abdominal aneurysm in the period 
January 1993-March 1994 (38 patients in total). 
Comparability of major resource use in Royal Infirmary 
of Edinburgh and hospitals in the U.K. 
Variables which have a major impact on costs of hos- 
pital stay and might vary between hospitals include: 
(i) days on a standard ward; (ii) number of days spent 
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in an intensive therapy unit; (iii) number of days spent 
in a high dependency unit; (iv) number of hours spent 
in theatre. 
In order to determine whether the values for these 
variables in the Royal Infirmary of Edinburgh were 
typical for the U.K. as a whole, 116 surgeons par- 
ticipating in the U.K. Small Aneurysm Trial were sent 
a questionnaire asking them to detail the policy of 
care in their hospital for an abdominal ortic aneurysm 
repair. In the questionnaire the surgeons were re- 
quested to give an estimate of the average length of 
time that a patient would spend in each of the fol- 
lowing areas: intensive therapy unit, high dependency 
unit, standard ward (including assessment days) and 
the theatre suite. They were also asked to give a 
minimum and a maximum estimate of the length of 
time spent by typical patients in these areas of care. 
In addition, actual data was obtained on mean post- 
operative stay of patients operated on by those sur- 
geons in the surgical arm of the U.K. Small Aneurysm 
Trial. 
capital assets such as the building, land and equip- 
ment. For the purpose of this costing exercise they 
were estimated in a similar way to the overhead costs. 
Bed day costs 
The cost of a bed day in each different ward, intensive 
therapy unit (ITU), high dependency unit (HDU) and 
a standard ward, comprised several components: 
staffing (medical and nursing), supplies and services, 
overheads and capital costs. The costs of nursing staff, 
supplies and services were obtained from the budget 
for each ward. Costs of medical staff had to be es- 
timated separately and were based on allocation of 
these staff to each ward. Costs per bed day were then 
estimated by dividing the total costs per year by the 
bed day activity (inpatient days) in each ward. Cost 
of a bed day in a convalescence hospital was obtained 
from routine data. 14 
Cost determination of consumables, investigations, 
laboratory tests, medications, and overheads 
Costs of consumables, medications and intravenous 
fluids were based on market prices given by the ex- 
ternal suppliers or by prices quoted by the internal 
supplier. The market prices were not adjusted for price 
distortions resulting from purchasing agreements (i.e. 
bulk buying). Costs of investigations and laboratory 
tests were obtained mainly from the appropriate de- 
partments in the Royal Infirmary of Edinburgh. 
Overheads and capital costs were estimated for each 
ward. The term "overheads" refers to those resources 
that serve many different departments. In this study 
the components of overheads which were included 
were: energy consumption, property costs, and run- 
ning costs. 
For overheads, information on resource use and 
costs for the Royal Infirmary of Edinburgh was ob- 
tained from Scottish Health Service Costs .  14 An al- 
location basis (for example ward area and cubic 
volume) was determined for each overhead com- 
ponent. For those overheads where allocation of a unit 
of measurement was not possible (e.g. rent and rates), 
an estimation of the ward area as a proportion of the 
total hospital area was calculated by dividing the ward 
volume by the total hospital volume. This proportion 
was then used to apportion costs. 
Capital costs are the costs used to purchase major 
Data analysis 
Data on the recording forms and questionnaires were 
entered onto DBase IV database. Analysis was carried 
out using SPSSX ~s tatistical package on the Edinburgh 
University mainframe computer, and on a personal 
computer using the EpiInfo package. The average 
(arithmetic mean) values of the resource use variables 
were combined with costs for each variable. Data from 
records of patients who died whilst in hospital were 
included in the analysis. A t-test was used to determine 
whether there was any difference in the mean length 
of time spent in surgery between those operations 
included in the resource costing study (15 patients), 
and all other elective repairs of asymptomatic an- 
eurysms carried out in the period January 1993-March 
1994 (38 patients). 
Results 
Resource use during the pre- and postoperative p riod 
The medical records of 46 patients who were admitted 
to the Royal Infirmary of Edinburgh were analysed to 
determine resource use in the pre- and postoperative 
period. Of these, 38 were male and eight were female, 
and their mean age was 70 years (range 55-82 years). 
The mean size of the aneurysm repaired was 5.9 cm 
(range 3.3-10.0 cm). There were two deaths in the 
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Table 1. Mean time, cost per bed day and total costs of major 
resource use in each area of care for elective repair of asymptomatic 
abdominal aortic aneurysms in the Royal Infirmary of Edinburgh. 
Mean time Cost per bed Total costs (£) 
day (£) 
Assessment days 1.6 days 112 180 
Standard ays 13.4 days 112 1497 
ITU days 0.7 days 797 574 
HDU days 1.7 days 398 ' 684 
Convalescence 1.1 days 83 91 
days 
Other days* 1.2 days 112 129 
Theatre 3.7 h 924 
Investigations, 513 
laboratory tests, 
medications 
Total cost of 4592 
hospital stay 
* Days spent in other hospitals and readmission days. 
ITU = Intensive therapy unit; HDU = high dependency unit. 
postoperative period, and two patients had to be re- 
admitted within 2 months of having the operation 
due to postoperative complications. Overall, the mean 
length of stay, which included preoperative assessment 
admissions, convalescence and readmissions as well 
as the surgical admission, was 19.7 days (range 6-58 
days), with less than half of the patients remaining in 
hospital for more than 2 weeks. Patients were often 
admitted for a preoperative assessment prior to sur- 
gery (39% of patients) when they would undergo 
relevant investigations. All patients (apart from those 
who died in theatre) spent a period of time in either 
ITU (range 0-4 days) or HDU (range 0-6 days) before 
returning to a standard surgical ward. 
Resource use during time spent in the theatre suite 
The mean length of time spent in the theatre suite for 
the 15 patients included in this part of the study 
was 3 h, 40 min (range 2 h, 15 rain-5 h, 57 min). This 
included anaesthetic time and recovery time. There 
was no significant difference (p>0.05) in the mean 
length of time spent in the theatre suite between 
those operations included in the costing study and all  
elective aneurysm repairs which had been undertaken 
in the period January 1993-March 1994 (mean 3 h, 
42 rain). 
Costs associated with elective aneurysm repair 
Table 1 shows the breakdown of the average costs per 
case (£4592) for pre-, per)-, and postoperative care. 
Tests and 
Assessment/ investigations ~-~ ~ ~ Supplies and 
other ~ 6.0% • 
~ ~ ~ ~ - ~ ~ s e r v i c e s  
ITU day 7 
12.5 
/ ...... I Standard 34.0% Nursing k 14.9° /~ ..... )days 
. . . . . . . . .  ==. ,  
Theatre 
Fig. 1. Proportional breakdown ofcosts of hospital stay for elective 
aneurysm repair in the Royal Infirmary of Edinburgh. 
The costs per bed day in each ward are also shown. 
As expected, a bed day in ITU was the most costly 
(£797), a bed day in a convalescence ward least costly 
(£83) 14 and a bed day in a standard ward was £112. 
The average cost of the pre- and postoperative period 
was £3668, with days in a standard ward being the 
main component of costs (£1497). The average cost in 
the per)operative period (£924) comprised medical 
staff (£310), consumables (£245), graft (£194), nursing 
and technical staff (£166), and overheads (£9). Costs of 
investigations, laboratory tests and medications (£513) 
also represented a major component of the total cost 
of elective repair. 
The proportion of the average cost of which each of 
the cost components represents is shown in Fig. 1. 
This figure also demonstrates the proportional break- 
down of the costs for a bed day in a standard ward. 
These proportional breakdowns differed between 
wards. For example, in a standard ward, nursing 
salaries accounted for 34% of the total cost, whereas 
in ITU, nursing salaries represented 64% of the total. 
Overall, for an elective abdominal aortic aneurysm 
repair (excluding the convalescence period) 34% of 
total costs could be attributed to nursing staff, 25% to 
medical staff, 12% to overheads, 27% to consumables 
(e.g. services and supplies, investigations), and 2% to 
convalescence. 
Comparability of Edinburgh and UK data 
One hundred and two (88%) of the surgeons par- 
ticipating in the U.K. Small Aneurysm Trial replied to 
the questionnaire, providing estimates of average 
times that typical patients pent in each area of care. 
Actual postoperative l ngth of stay was available for 
438 out of 563 patients randomised to surgery in 
the U.K. Small Aneurysm Trial. The mean length of 
postoperative stay was 13.3 days, which was 1 day 
shorter than for patients who had elective aneurysm 
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Table 2. Mean duration in areas of care for elective aneurysm 
repair in Royal Infirmary of Edinburgh and U.K. hospitals. 
Mean duration 
Royal U.K. hospitals Difference 
Infirmary of U.K.-RIE 
Edinburgh 
(RIE) 
Postoperative 14.3 13.3 - 1.0 
length of stay 
(days) 
Intensive 0.7 1.2 + 0.5 
Therapy Unit 
(days) 
High 1.7 0.6 + -1.1 
Dependency 
Unit (days) 
Theatre (h) 3.7 2.9 + 0.8 
+ Mean estimate by 102 vascular surgeons. 
repair in Edinburgh (Table 2). Because hospitals were 
more likely to use an ITU than HDU for postoperative 
care, the U.K. surgeons' estimates of mean duration 
of stay was higher for ITU and lower for HDU than 
in Edinburgh. Mean operating time was also slightly 
lower in the U.K. as a whole. On balance, however, 
these differences in use of resources between Ed- 
inburgh and the U.K. were, for all practical purposes, 
relatively modest. Assuming that the costs of resources 
in the Royal Infirmary of Edinburgh were not atypical, 
the mean cost of an elective repair in the U.K. was 
also likely to be about £4600. 
It should be recognised, however, that the mean 
cost of an aneurysm repair may vary between hos- 
pitals, and that costs for individual patients may vary 
within hospitals depending on resources consumed. 
For example, surgeons estimated that ypically patients 
might stay in an ITU from between 0.7-2.9 days. 
Applying Royal Infirmary of Edinburgh costs to this 
data would result in a typical variation in ITU costs 
from £558 to £2311 per patient. Likewise, total hospital 
costs for an aneurysm repair might vary considerably 
between patients. For example, using the surgeons' 
estimates and the Royal Infirmary of Edinburgh costs, 
total costs for an individual patient varied between 
£2173 (8 days in a standard ward and 2.5 h in theatre) 
to £7024 (2 assessment days, 5 days in ITU, 12 days 
in a standard ward, and 4 h in theatre). 
Discussion 
The estimated inpatient cost per case for elective an- 
eurysm repair in the Royal Infirmary of Edinburgh 
was £4592, which was probably typical for the U.K. 
as a whole. Two other studies assessing the economic 
consequences of screening estimated the costs of an 
aneurysm repair to be around £3000.  6'1° Neither of 
these estimates, however, were based on detailed as- 
sessments. Several detailed costing studies undertaken 
in the U.S.A. estimated average costs to be $10 114 
(£6483), 11 $24000 (£15385) 12 and $25000 (£16026). 13 
These estimates are thus substantially higher than 
those in the U.K. A proportion of the cost difference 
between the U.S.A. and U.K. estimates could be due 
to the use of charges for some of the cost data in the 
US estimates. 
As bed days in different wards (ITU, HDU or a 
standard ward) are the main components of the costs 
of hospital stay, it is important that the costs derived 
for these in this study are as accurate as possible. The 
cost of a bed day in ITU and a standard ward can be 
compared with data from other sources. In comparison 
to our estimate of an ITU bed day costing of £797, the 
finance office in the Royal Infirmary of Edinburgh 
estimated the cost of an ITU bed day to be £1109 
(personal communication), routine data sources TM es- 
timated the cost in the same hospital to be £692, and 
a study in Glasgow I6estimated the cost to be £726 for 
a ventilated patient. The cost of a standard surgical 
bed day in the RIE was £112 in our study; as specified 
in routine data ~4 it wa.s £328, but this included the 
costs of surgery. Thus the cost of bed days, as derived 
in this study, are compatible with data from other 
sources, and are likely to be a reasonably true rep- 
resentation of the actual costs. 
The costs of aneurysm repair as reported by this 
study can be compared with other vascular surgical 
procedures. One study 17 in the U.S. estimated the costs 
of femoropopliteal bypass to be $17 076 (£10 946). In 
the U.K. a recent costing found that coronary artery 
bypass surgery cost £6628 and coronary angioplasty 
cost £3467.18 The cost of elective aneurysm repair 
detailed in the hospital in this study (£4592) is therefore 
of a similar magnitude to the costs of other vascular 
procedures. 
There is debate as to whether the results of detailed 
costing studies, such as undertaken i this instance, 
can be predicted adequately from reduced lists of 
costs .  19 To explore this possibility, we estimated the 
costs of an aneurysm repair derived from routine data. 
Using the costs of a standard surgical bed day in the 
Royal Infirmary of Edinburgh (£328), 14 combined with 
the mean length of stay for an aneurysm repair in 
Scotland of 7.4 days (personal communication), 2° the 
cost per case was £2429. This amount is substantially 
less than the amount found in this study, primarily 
due to the lower average length of stay in hospital. 
This shows the inherent flaws which may arise when 
using routine data. 
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The results of our study will prove useful in several 
ways. Firstly, there has been interest expressed in 
introducing screening programmes for small asympto- 
matic aneurysms. If such programmes were in- 
troduced into the general population, they would 
generate a large increase in the number of small 
asymptomatic abdominal aortic aneurysms suitable for 
repair either at the time of screening or at subsequent 
follow-up. The results of this costing study, therefore, 
can be used to help in the decision-making process. It 
should be appreciated, however, that the marginal 
costs (i.e. additional costs of treating more patients 
over and above the current level) may be less than the 
absolute patient cost as calculated in this study. It is 
essential, however, that there is a precise estimation 
of costs, such as is provided by this study, in order to 
increase the accuracy of any cost effectiveness analysis 
in the management of small asymptomatic abdominal 
aortic aneurysms. Finally, these estimates of costs 
should be useful to policy makers and those pur- 
chasing care, and to providers of care. 
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